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(57) ABSTRACT

A pointing device having a puck that 1s confined to move 1n a
field of motion on a surface and that provides pointing and
clicking functions analogous to those of a conventional
mouse 1s disclosed. The puck has first and second members
that are spaced apart from one another by a resilient spacer
when no force 1s applied between the members. The puck
includes a tilt mechanism for allowing the first and second
members to assume a tilted configuration with respect to one
another in response to a force being applied between the first
and second members. A position detector determines the
position of the puck in the puck field of motion and a tilt
position of the first member with respect to the second mem-
ber. The determined tilt position 1s used to emulate two or
more switches that are actuated by varying the tilt position.

11 Claims, 6 Drawing Sheets
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PUCK-BASED POINTING DEVICE THAT
PROVIDES MULTTPLE BUTTONS

BACKGROUND OF THE INVENTION

Modern computer operating systems and graphics pro-
grams require a pointing device for controlling the position of
a cursor on the computer display. Likewise, handheld devices
such as personal information managers and cell phones
would also benefit from the inclusion of such a pointing
device. For desktop PCs, the most successiul pointing device
1s the “mouse”. A mouse 1s a hand held object that 1s moved
over a tlat surface near the keyboard to control the motion of
a cursor on the computer display. The direction and distance
over which the mouse 1s moved determines the direction and
distance the cursor moves on the display. A conventional
mouse provides a rigid object that a user can move with great
precision. For a desktop computer, the mouse provides a
satisfactory solution to the pointing problem. On the occasion
when the workspace 1s not large enough to provide a path over
which the mouse can move and accommodate a desired cur-
sor movement on the screen, the user simply picks up the
mouse and recenters the mouse 1n the workspace.

In addition to providing the above-described pointing func-
tion, the mouse has evolved to include additional buttons and
wheels that are used to provide other forms of 1nput to the
computer that can be activated without requiring the user to
release the mouse and enter a keystroke on a keyboard. For
example, most mouse designs now have additional button(s)
for signaling application specific action(s) such as displaying
a menu from which the user can select other functions. In
addition, a scroll wheel 1s provided 1n many designs. The
scroll wheel 1s used to scroll text on the screen or to control
other multi-valued functions in specific applications. For
example, the zoom level in many graphics programs can be
increased or decreased by rotating the scroll wheel.

While the mouse has provided a satisfactory solution to the
pointing device problem in the desktop PC market, a similarly
successiul device 1s not available for portable and hand-held
computers. These computers are often used 1n environments
that lack a sufliciently large flat surface near the keyboard
over which a mouse can be moved. In addition, the need to
carry a separate pointing device makes the mouse less than
1ideal for these applications. Hence, some other form of point-
ing device 1s needed when these computers are used 1n such
environments.

A pointing device for use in these environments must solve
the problem of moving a cursor quickly and accurately. In
addition, the device must operate 1n an intuitive fashion that a
novice user can comprehend without extensive instruction. In
addition, the pointing device must operate 1n a limited work-
space and {it within the form factor of the computer or hand
held device. Finally, the usual constraints of low cost, low
power consumption and high reliability must also be met.

Currently, there are two dominant solutions to the pointing,
device problem in the laptop marketplace, the Synaptics
capacitive TouchPad™ and the IBM TrackPoint™. Other
companies make versions of these devices with similar func-
tionality. Both of these devices fall far short of satistying the
above requirements. The TrackPoint™ i1s a small button that
1s typically placed 1n the center of the laptop keyboard. The
button may be moved 1n a manner analogous to a “joy stick”™
by applying a lateral force to the top of the button with a
finger. Unfortunately, the button can only move a small
amount; hence, the displacement of the button cannot be
mapped directly into a displacement in the cursor position on
the computer display. Instead, the button displacement con-
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trols the direction and speed with which the cursor moves.
The accuracy with which a user can position the cursor using

this type of velocity control 1s significantly less than that
achieved with a conventional mouse. This limitation 1s par-
ticularly evident 1n tasks that require small, precise move-
ments such as drawing 1n a computer graphics program. In
addition, this type of pointing device does not provide the
button functionality.

The TouchPad™ 1s a blank rectangular pad, 50 to 100 mm
on a side, typically placed below the keyboard of most lap-
tops. The device senses the position of a finger on the surface
of the rectangle relative to the edges of the device. This
sensing 1s accomplished by measuring the capacitance
changes introduced by a user finger on a series of electrodes
beneath an insulating, low-1riction matenal.

Like the TrackPoint™, the TouchPad™ also suffers from
lack of precision. It 1s inherently difficult to measure the
capacitive changes introduced by the user, who 1s at an
unknown potential relative to the circuit. Furthermore, the
contact area of the user’s finger 1s relatively large. Hence, to
provide an accurate measurement of the finger position, the
device must determine some parameter such as the center of
the contact area between the finger and the pad. Unifortu-
nately, the contact area varies 1n size and shape with the
pressure applied by the user. Therefore, such determinations
are, at best, of limited precision. In practice, users are unable
to repeatably execute precise movements.

There are also difficulties arising from false signals when
the user inadvertently touches the pad with a finger or a wrist.
In some devices, the “clicking” function of a conventional
mouse 1s implemented by tapping on the pad. As a result, such
inadvertent activation during typing causes the cursor to jump
to a new location in the middle of the typing operation and the
text being 1nserted at the new location.

In previously filed U.S. patent application Ser. No. 10/723,
9577, which 1s hereby incorporated by reference, a pointing,
device that meets these requirements 1s described. The point-
ing device utilizes a puck that moves in a defined field of
motion when a user applies pressure to the puck via the user’s
finger. When the user releases the puck, a set of springs
returns the puck to 1ts centered position within the field of
motion. The position of the puck and the pressure on the puck
are determined by electrodes in the device. The position infor-
mation 1s used to position a cursor on the display screen.
Software on the attached device translates the motion of the
puck during the time the user’s finger 1s pressing on the puck
into the appropriate cursor motion on the device’s display.
When the user releases the puck, the coupling between the
puck and the cursor position 1s broken by the software, and
hence, the cursor does not move backwards while the puck 1s
being recentered.

While the device taught in the above-described patent
application provides significant advantages over the domi-
nant prior art solutions to the pointing device problem 1n the
laptop marketplace, there are a number of areas in which
improvements would be useful. In particular, this puck-based
pointing device would benefit from the inclusion of additional
input functions that provide the functionality and feel of the
push buttons on a conventional mouse.

SUMMARY OF THE INVENTION

The present invention includes a pointing device having a
puck that 1s confined to move 1n a field of motion on a surface.
The moveable puck has a first member and a second member
that are spaced apart from one another by a resilient spacer
when no force 1s applied between the first and second mem-
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bers. The puck includes a tilt mechanism for allowing the first
and second members to assume a tilted configuration with
respect to one another in response to a force being applied
between the first and second members. The tilted configura-
tion 1s responsive to the force location, direction, and magni-
tude. A position detector determines the position of the puck
in the puck field of motion and a tilt position of the first
member with respect to the second member. The determined
t1lt position 1s used to emulate two or more switches that are
actuated by varying the tilt position. In one embodiment, the
first member includes a first electrode, and the second mem-
ber includes second and third electrodes. The position detec-
tor includes a circuit that measures the capacitances between
the first and second electrodes and the first and third elec-
trodes. In one embodiment, the tilt mechanism includes a
protrusion on one of the members. In one embodiment, the
puck includes a plurality of clickers. Each clicker includes a
mechanical device that has a dimension that changes in
response to a force applied thereto. The change in dimension
1s a non-linear function of the applied force. The change 1n
dimension 1s detectable by a user when the user applies a
force to the first member with the user’s finger. In one
embodiment, the position detector emulates first and second
switches that are opened and closed when the first member 1s
tilted with respect to the second member 1n predetermined
configurations.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 15 a top view of pointing device.

FIG. 2 1s a cross-sectional view of the pointing device
shown in FIG. 1 through line 2-2.

FIG. 3 1s a top view of a portion of the surface shown in
FIG. 1 over which the puck moves 1n one embodiment of the
present invention.

FIG. 4 1s a schematic drawing of an equivalent circuit for
clectrodes 51-55 shown 1n FIG. 3.

FIG. 5§ 1s a cross-sectional view of a puck that utilizes a
dome shaped clicker.

FIG. 6 1s a cross-sectional view of pointing device 80
through line 6-6 shown in FIG. 7.

FI1G. 7 1s a top view of another embodiment of a pointing
device according to the present invention.

FIG. 8 15 a cross-sectional view of puck 95 when the right
half of plate 91 1s depressed by applying a force.

FI1G. 9 1s a cross-sectional view of another embodiment of
a pointing device according to the present invention.

FI1G. 10 1s a top view of the pointing device shown in FIG.
9.

FIG. 11 1s a top view of another embodiment of a puck
according to the present invention.

FI1G. 12 1s a cross-sectional view of the puck shown 1n FIG.
11 through line 12-12.

FIG. 13 1s a schematic drawing of a circuit for measuring
the various capacitances associated with the puck buttons.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS OF THE INVENTION

The manner in which the present imnvention provides its
advantages can be more easily understood with reference to
FIGS. 1 and 2, which 1llustrate a pointing device 10 according
to one embodiment of the invention taught 1n the above-
described patent application. FIG. 1 1s a top view of pointing
device 10, and FIG. 2 1s a cross-sectional view of pointing
device 10 through line 2-2 shown in FIG. 1. Pointing device
10 includes a puck 11 that moves over a surface 12 of a
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substrate 15 within a puck field of motion 19 in response to a
lateral force applied to puck 11. The force 1s typically applied
to puck 11 by a user’s finger. Puck 11 includes a pressure
sensing mechanism that measures the vertical pressure
applied to puck 11. When the sensed pressure exceeds a
predetermined threshold, the cursor tracking function 1s acti-
vated and the cursor moves on the screen 1n a direction and
distance determined by the motion of the puck. In addition,
pointing device 10 includes a sensing mechanism for deter-
mining the position of puck 11 on surface 12.

When the user releases puck 11 by removing the user’s
finger 16, puck 11 1s returned to 1ts centered position by the
springs shown at 13 that connect the puck to the side 14 of the
puck field of motion. Since the user’s finger 1s not applying a
vertical force to puck 11 during its return, the change in
position associated with that return motion 1s not reported to
the host device. That 1s, the cursor remains at 1ts previous
location. This provides a convenient “re-centering”’ capabil-
ity, typically achieved on a mouse by lifting and replacing the
mouse at the center of the field of motion. Re-centering 1s
particularly necessary 1n laptop computers, hand-held
devices and other miniature applications in which the field of
motion 1s constrained.

The above-described patent application teaches a number
of mechanisms for measuring the pressure exerted by the user
on the puck, and hence, these mechanisms will not be dis-
cussed 1 detail here. For the purposes of this discussion, 1t 1s
suificient to note that a puck having a top surface that can
move vertically relative to the bottom surface can be utilized.
The top surface 1s held 1n place by a spring mechanism. When
the user applies pressure to the top surface, the top surface
moves toward the bottom surface by an amount that depends
on the applied pressure. The distance between the top and
bottom surfaces of the puck 1s measured utilizing one of a
number ol methods. For example, the top and bottom surfaces
ol the puck can include conducting layers that form a parallel
plate capacitor. The capacitance of this capacitor depends on
the distance between the plates, and hence, a measurement of
the capacitance provides a measurement of the pressure
applied by the user.

The manner 1n which the position of the puck 1s sensed 1n
one embodiment 1s described 1n detail 1n the above-identified
patent application, and hence, will not be discussed 1n detail
here. For the purposes of this discussion, 1t will be assumed
that a capacitive sensing scheme can be utilized to determine
the puck’s position. Such a scheme 1s 1llustrated 1n FIG. 3,
which 1s a top view of a portion of surface 12 shown 1n FIG.
1 over which the puck moves in one embodiment of the
present invention. Surface 50 includes four electrodes shown
at 51-54 having terminals that are connected to an external
circuit. To simplity the drawing, these terminals have been
omitted. The puck has a bottom surface that includes an
clectrode 53 that 1s shown 1n phantom 1n the drawing. Elec-
trodes 51-55 are electrically 1solated from one another. For
example, electrode 55 can be covered with a layer of dielec-
tric that provides the required insulation while still allowing
clectrode 55 to slide over the other electrodes. The electrodes
can 1n fact be patterned on the back of the substrate whose
surface 1s shown at 50. This reduces the capacitance between
the electrodes and the puck electrode, but can be practical for
substrate thicknesses of a few millimeters or less. The overlap
between electrode 55 and each of electrodes 51-54 depends
on the position of the puck relative to electrodes 51-354. The
overlaps between electrode 35 and electrodes 51-34 are
denoted by A-D, respectively.

Retfer now to FIG. 4, which 1s a schematic drawing of an
equivalent circuit for electrodes 51-35. The portion of elec-
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trode 55 that overlaps electrode 51 forms a parallel plate
capacitor having a capacitance that 1s proportional to overlap
A. Similarly, the portion of electrode 335 that overlaps elec-
trode 52 forms a parallel plate capacitor that has a capacitance
that 1s proportional to overlap B, and so on. Since all of the
capacitors share portions of electrode 55, the equivalent cir-
cuit consists of four capacitors connected to a common elec-
trode. This electrode 1s electrode 55. Hence, by measuring the
capacitance between electrode 55 and each of electrodes
51-54, the position of electrode 33 relative to electrodes 51-54
can be determined. This determination can be made by a
controller 59, which may be part of the pointing device or part
of the host device of which the pointing device forms a part.

In the embodiments discussed above, the electrode on the
bottom of the puck 1s circular in shape to reduce errors arising
from the shape of the electrode. The restoring springs allow
the puck to rotate somewhat. If the user’s finger 1s not cen-
tered on the puck during the motion of the puck, the resultant
torque can cause the puck to rotate slightly. It the puck elec-
trode 1s circularly symmetric, such rotations will not alter the
position measurement. If, on the other hand, the puck elec-
trode 1s not circularly symmetric, the degree of overlap
between the puck and the various electrodes will be different
tor different rotations, even though the center of the puck is at
the same location 1n each case.

To mmplement a “click”, a dome-shaped clicker can be
incorporated 1n the puck. Refer now to FIG. 5, which 1s a
cross-sectional view of a puck 70 that utilizes such a clicker.
Puck 70 has a bottom electrode 73 whose capacitance 1s used
to determine the position of the puck in the field of motion as
described above. Puck 70 also includes a top electrode 74 that
1s depressed when the user presses on the electrode. Top
clectrode 74 1s spring mounted to force that electrode against
the detents shown at 72 when the user 1s not pressing on the
electrode. In the embodiment shown 1n FIG. 5, a number of
springs 71 provide this function. The distance between elec-
trodes 73 and 74 can be determined by measuring the capaci-
tance between these electrodes. When the user presses lightly
on electrode 74, the electrode moves downward until it
reaches the top of clicker 75. If the user presses on electrode
74 with a force greater than some threshold force determined
by the physical properties of clicker 75 and springs 71, clicker
75 will snap to a configuration in which the dome 1s 1nverted.
This will relieve the upward force on electrode 74, and elec-
trode 74 will move closer to electrode 75. This new position
can be sensed by measuring the capacitance between elec-
trodes 74 and 75.

The clicker shown in FIG. 5 1s constructed from a dome-
shaped sheet of material that has a height that changes
abruptly when the dome 1s depressed below a predetermined
height. The change 1n states 1s accompamed by a change in the
torce applied upward on electrode 74. This provides the user
with a sensation like that obtained when a switch 1s closed.
For the purposes of this application, the term “clicker” is
defined to include any mechanical device that changes one of
its dimensions 1n response to a force being applied thereto 1n
which the change 1n dimension 1s a non-linear function of the
applied force. The preterred class of clicker has a bi-stable
dimension that switches abruptly between states when the
force applied to the clicker 1s greater than a first threshold
force and reverts to 1ts original state when the applied force
talls below a second threshold.

The puck shown 1n FIG. 5 provides a single button func-
tion; however, it 1s not well suited for providing the multiple
button functionality associated with conventional pointing,
devices. Refer now to FIGS. 6 and 7, which 1llustrate a two-
button pointing device according to one embodiment of the
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present invention. FIG. 6 1s a cross-sectional view of pointing
device 80 through line 6-6 shown 1n FIG. 7, and FIG. 7 1s a top
view of pointing device 80. Pointing device 80 includes a
puck 95 that moves over a surface 94 1n a field of motion. The
position of puck 95 1n the field of motion 1s measured with the
aid of a plurality of electrodes in the field of motion and two
clectrodes located in the puck. Exemplary field of motion
clectrodes are shown at 88 and 89. The puck electrodes are
shown at 93, 86, and 87. To avoid the rotation problems
discussed above, electrodes 86 and 87 can be 1n the shape of
half circles and be connected electrically during the measure-
ment of the puck position. To simplily the drawing, the outer
shell of puck 95 and the springs that provide the separation
force for plates 91 and 92 when no pressure 1s applied to plate
91 have been omitted.

Pointing device 80 provides a two-button function that 1s
actuated by applying a net force on one or the other of the
halves of plate 91. The user can apply the required force by
tilting his or her finger or fingers while pressing on the plate
91 so as to provide more force to the half of plate 91 corre-
sponding to the button that the user wishes to actuate. Alter-
natively, the user can position his or her finger so as to apply
the force to only one half of plate 91. Plate 91 includes aridge
84 that acts as a fulcrum about which plate 91 can p1vot. Refer
now to FIG. 8, which 1s a cross-sectional view of puck 935
when the right half of plate 91 1s depressed by applying a
force as shown at 97. The force causes plate 91 to t1lt toward
clicker 83 and apply pressure to that clicker thereby deform-
ing the clicker and causing it to assume 1ts depressed height.
A protrusion such as protrusions 81 and 85 can be included in
plate 91 to facilitate the actuation of clickers 82 and 83,
respectively. The average distance between electrode 87 and
plate 91 1s reduced compared to the distance between elec-
trode 86 and plate 91. This difference 1s sensed by measuring
the capacitance between plate 91 and each of electrodes 86
and 87, respectively.

The embodiment shown 1n FIGS. 6-8 uses a fulcrum to
provide the p1vot point for altering the distance between plate
91 and electrodes 86 and 87. However, other pivoting mecha-
nisms can be utilized. Refer now to FIGS. 9 and 10, which
1llustrate another embodiment of a pointing device according
to the present invention. FIG. 9 1s a cross-sectional view of
pointing device 100 through line 9-9 shown 1n FI1G. 10. FIG.
10 1s a top view of pomting device 100. To simplity the
following discussion, those elements of pointing device 100
that serve functions analogous to functions described with
reference to pointing device 80 have been given the same
numeric designations and will not be discussed 1n detail here.
To further simplity the drawing, the outer shell of puck 195
and the springs that provide the separation force for plates 191
and 192 when no pressure 1s applied to 191 have been omit-
ted.

Thepuck 195 in pointing device 100 has a top plate 191 that
can move relative to bottom plate 192 by pivoting about a
protrusion 184. The movement of plate 191 has two degrees
of freedom. The first degree of freedom allows plate 191 to
rock back and forth about an axis through line 171 shown in
FIG. 10. This motion provides the user with a means to
depress one or the other of the “buttons™ emulated by clickers
82 and 83. For example, the user can click the button associ-
ated with clicker 82 by pressing the area of plate 191 over
clicker 83 1n a manner analogous to that described above with
reference to pointing device 80.

The second degree of freedom allows the user to depress
both of the “buttons” simultaneously by pressing plate 191 at
a point along axis 171 in the region near line 9-9. Hence,
pointing device 100 actually provides three possible signals.
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The third signal 1s characterized by an increase 1n the capaci-
tance between the electrode on plate 191 and both of elec-
trodes 86 and 87.

In the above-described embodiments, the electrode on the
bottom plate of the puck was divided into two electrodes that
could be connected to the measurement circuitry separately.
This arrangement allows the controller to make a determina-
tion of the capacitance between each electrode and the elec-
trode on the top plate 191 of the puck and hence sense the
position of the top plate with respect to the bottom plate. As
noted above, this arrangement allows as many as three dis-
tinct “click” signals to be generated. If the bottom electrode
on the puck is divided into more electrodes, additional buttons
can be implemented 1n a manner analogous to that described
above.

Refer now to FIGS. 11 and 12, which illustrate a puck that
can emulate 4 separate buttons that can be pressed individu-
ally or in groups of two buttons. FIG. 11 is a top view of puck
200, and FIG. 12 1s a cross-sectional view of puck 200
through line 12-12. Puck 200 includes a top plate 291 that can
move relative to a bottom plate 292. To simplify the drawing,
the outer shell of puck 200 and the springs that provide the
separation force for plates 291 and 292 when no pressure 1s
applied to 291 have been omitted. A post 284 attached to the
central region of plate 291 sets the minimum distance
between the central regions of plates 291 and 292 but allows
plate 291 to tip relative to plate 292 to alter the distances
between plate 291 and each of the electrodes. A small protru-
s10n 1s provided over each clicker as discussed above. Exem-
plary protrusions are shown at 281 and 285.

In operation, the user applies pressure to plate 291, and
plate 291 moves toward plate 292 until post 284 engages the
surface of plate 292. This change 1s the distance 1s used by the
controller to determine i the user’s finger i1s present 1n a
manner analogous to that discussed above. During this deter-
mination, electrodes 286-287 are connected together to form
a single electrode, which, 1n turn, forms the bottom plate of a
capacitor having electrode 293 as 1ts top plate. The change 1n
distance 1s determined by observing the capacitance of this
capacitor.

To actuate one of the buttons, the user applies a differential
pressure to the top surface of plate 291. For example, to
actuate the button corresponding to clicker 283, a pressure 1s
applied to plate 291 such that the average distance between
plates 291 and 292 in the region of electrode 287 decreases.
Assume for the moment that this force 1s centered over pro-
trusion 285. The average distance between plates 291 and 292
in the region of electrode 288 will increase simultaneously.
Finally, the average distance between plates 291 and 292 will
remain approximately unchanged by this operation. Hence,
by measuring the capacitance between electrode 295 and
cach of electrodes 286-289, the orientation of plate 291 can be
determined.

Consider the case 1n which the pressure 1s applied between
two of the clicker locations, e.g., location 275. In this case,
both clicker 276 and 283 would be depressed. The capaci-
tances between electrode 295 and electrode 287 and between
clectrode 295 and electrode 289 would be at the highest
values possible while the capacitances between electrode 295
and electrodes 286 and 288, respectively, would be at the
lowest values. Hence, the arrangement shown in FIGS. 11 and
12 can also emulate the simultaneous pressing of two adjacent
buttons to further increase the number of distinct signals that
can be generated by the puck.

The above-described embodiments assume that the point-
ing device mcludes a circuit for measuring the capacitance
between the top electrode on the puck and each of the elec-
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trodes on the bottom plate of the puck. Refer now to FIG. 13,
which 1s a schematic drawing of a circuit for measuring the
various capacitances associated with the puck buttons. The
circuit measures the capacitance between one set of elec-
trodes at a time. The particular one of these electrodes that 1s
measured by the op-amp 1s determined by controller 393 by
applying pulses to the electrodes i question. To simplify the
drawing, the particular connections from the controller to the
clectrodes have been omitted. When reset switch 395 1s first

closed, electrode 295 and the output voltage V .- are forced
to the potential V... After the reset switch 1s reopened, a
drive voltage V, 1s applied to one of electrodes 286-289 by
controller 393. Consider a measurement on electrode 286.
Charge will develop across the relevant capacitor according
to Q~C,(V,~V..-), where C, 1s the capacitance of the
capacitor formed by electrode 295 and electrode 286. Since
no charge can move onto or oif the sense electrode 295, the
op-amp will apply a voltage across feedback capacitor 394 to
keep electrode 295 at potential V.. Thus V 5,V 5 -—C,/
Crrr(Varpr—V,), Where C,.. 1s the capacitance of capacitor
391. By sequentially making such measurements on each of
the driven electrodes, the distance between the top plate on
the puck and each of the electrodes correspondmg to one of
the buttons can be determined. This circuit 1s advantageous
for this application because it allows numerous capacitance
measurements to be made using a single op-amp and simple
digital drive signals.

It should be noted that an analogous circuit can be used to
measure the capacitance between each of the electrodes on
the bottom of the puck and each of the position sensing
clectrodes 1n the field of motion. The information can be used
by controller 393 to input data to a data processing device 397
having a display 308 to control the position of the cursor 302
on the screen 300. The buttons implemented on the puck can
be used to signal actions associated with the location of the
puck or to control other functions on the screen such as a
scroll bar 301.

The embodiments described above utilized a single elec-
trode on the top plate of the puck and two or more electrodes
on the bottom plate. However, embodiments 1n which the top
plate has multiple electrodes and the bottom plate has a single
clectrode can also be constructed. Such embodiments require
more electrical connections to the moving plate, and hence,
are more complex, but they enable a single sense electrode on
the bottom plate to measure both the X-Y position as well as
the button status.

The electrical configuration of the electrodes in FIGS. 11
and 12 may also be inverted, so that there 1s a single drive
clectrode 295 on the top plate and multiple op-amps con-
nected to electrodes 286, 287, 288 and 289. The measure-
ments from these op-amps can then be used to derive the puck
X-Y position in conjunction with substrate electrodes.

The above-described embodiments of the present inven-
tion utilize a puck having first and second plates that can be
tilted with respect to one another. However, embodiments of
the present invention can be constructed utilizing any two
members that can be tilted with respect to one another such
that the tilted configuration can be detected by the controller.

The embodiments described above utilize clickers that are
attached to the bottom plate 1n the puck. However, embodi-
ments 1n which the clickers are attached to the top plate and
the protrusions for actuating the clickers are attached to the
bottom plate can also be constructed.

The above-described embodiments of the present inven-
tion utilize springs to set the distance between the top and
bottom plates of the puck when no force 1s applied to the top
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plate. However, other forms of resilient spacers can be uti-
lized. For example, the springs can be replaced by compress-
ible rubber spacers.

Various modifications to the present invention will become
apparent to those skilled 1n the art from the foregoing descrip-
tion and accompanying drawings. Accordingly, the present
invention 1s to be limited solely by the scope of the following
claims.

What 1s claimed 1s:

1. A pointing device, comprising:

a first surface having a puck field of motion defined
thereon, wherein the puck field of motion 1s a planar field
of motion;

a moveable puck confined to move on said first surface,
said moveable puck to activate a cursor tracking function
in response to a vertical pressure applied to the moveable
puck, the moveable puck comprising:

a first member and a second member, wherein said first
and second members are spaced apart from one
another by a resilient spacer when no force 1s applied
between said first and second members:

a tilt mechanism for allowing said first and second mem-
bers to assume a tilted configuration with respect to
one another in response to a force applied between
said first and second members, said tilted configura-
tion being responsive to said force location, direction,
and magnitude;

a clicker comprising a mechanical device that has a
dimension that changes 1n response to a force being
applied thereto 1n which the change 1n dimension 1s a
non-linear function of the applied force; and

a tilt position sensor that detects a tilt position of said
first member with respect to said second member,
wherein the tilt position sensor 1s configured to gen-
crate a signal in response to the applied force on the
clicker;

wherein said first member comprises a first electrode
and said second member comprises second and third
clectrodes, and wherein said position sensor com-
prises a circuit for measuring the capacitances
between said first and second electrodes and said first
and third electrodes.

2. The pointing device of claim 1 comprising a puck posi-
tion detector that determines a position of said puck in said
puck field of motion.

3. The poimting device of claim 1 wherein said first and
second members comprise plates.

4. The pointing device of claim 1 wherein said tilt mecha-
nism comprises a protrusion on one of said members.

5. The pointing device of claim 1 further comprising
another clicker comprising another mechanical device that
has a dimension that changes 1n response to the force being
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applied thereto 1n which the change 1n dimension 1s the non-
linear tunction of the applied force, said change in dimension
being detectable by the user when said user applies the force
to said first member at a location corresponding to the other
clicker.

6. The pointing device of claim 1 wherein said position
detector emulates first and second switches that are opened
and closed when said first member 1s tilted with respect to said
second member 1n a predetermined configuration.

7. The pointing device of claim 1 wherein the clicker has a
bi-stable dimension that switches abruptly from an original
state to an inverted state when the force applied to the clicker
1s greater than a first threshold force, and reverts to the origi-
nal state when the applied force falls below a second thresh-
old force.

8. A method of emulating a pointing device having a plu-
rality of buttons, said method comprising;:

providing a moveable puck that moves in a planar field of
motion, said puck comprising first and second members
that can move relative to one another;

actuating a clicker when a user applies a force between said
first and second members, wherein a dimension of the
clicker changes 1n response to the force being applied
thereto 1n which the change in dimension 1s a non-linear
function of the applied force;

detecting a relative tilt between said first and second mem-
bers when the user applies a force between said first and
second members;

wherein said relative tilt 1s detected by measuring the
capacitances between {first and second electrodes and
first and third electrodes, said first electrode comprising
a portion of said first member and said second and third
clectrodes comprising a portion of said second member;
and

emulating a first button being actuated when said detected
t1lt has a first value.

9. The method of claim 8 comprising emulating a second
button being actuated when said detected tilt has a second
value.

10. The method of claim 8 further comprising providing
said user with a tactile sensation when said user applies a
force that causes said tilt to have said first value.

11. The method of claim 8 wherein the clicker has a bi-
stable dimension that switches abruptly from an original state
to an 1nverted state when the force applied to the clicker 1s
greater than a first threshold force, and reverts to the original
state when the applied force falls below a second threshold
force.
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